Traumatic incarceration of the small bowel accompanied by vertebral fractures and dislocation is rare and usually misdiagnosed until laparotomy. This report presents a rare case of jejunum entrapment between lumbar spine fractures. A 43-year-old man was clamped between two railway tracks on the upper abdomen and lower back. Following ineffective conservative treatment, he underwent a laparotomy due to the development of guarding and rebound tenderness. Loss of vitality of the jejunal loop, which was incarcerated between the L3 and L4 vertebrae, was observed. The necrotic bowel was removed and end-to-end anastomosis was performed. When his condition was stable, anterior and posterior lumbar fixation surgery was performed. The patient had no abdominal complications and lower limb nerve function deficiency during the follow-up period. A review of the literature since 1979 on incarceration of the bowel associated with lumbar fracture and dislocation identified 12 cases: five patients showed persistent neurological symptoms, but none of the patients died as a result of their injuries. It should be borne in mind that patients with hyperextension or flexion-distraction injury of the lumbar spine could show symptoms of intestinal obstruction and bowel incarceration. Enhanced computed tomography or magnetic resonance imaging will be helpful for diagnosis.
Introduction
While paralytic ileus associated with retroperitoneal haematoma caused by vertebral fractures is well known, mechanical intestinal obstruction caused by entrapment of the bowel between vertebral bodies has seldom been described. 1, 2 This report describes the case of entrapment of the jejunum in the space surrounded by the abdominal aorta, inferior vena cava and L3/L4 vertebrae, accompanied by an L4 fracture. The report also reviews pertinent published literature on the incarceration of the bowel associated with vertebral fractures.
Case report
A 43-year-old man was clamped between two railway tracks on the upper abdomen and lower back on 15 May 2016. He was transferred to Xiaoshan District Hospital, Hangzhou, Zhejiang Province, China, 2 h later, where he complained of lower back pain. Lumbar anteroposterior and lateral radiographs showed a fracture of the L4 vertebra. He had no tenderness in the abdomen and neurological examination revealed no sensory deficit or muscle weakness. He received fasting and gastrointestinal decompression due to increasing bile-stained vomiting and aggravated abdominal distension. On the fourth day after the injury, guarding and rebound tenderness were found on abdominal examination. The leukocyte count increased from 10.4 Â 10 9 /l to 22.9 Â 10 9 /l. Abdominal contrast-enhanced computed tomography (CT) revealed a high intestinal obstruction and 'para-vertebral haematoma', which was later shown to be the incarcerated jejunum at the laparotomy6 days after the accident. The patient was transferred to the Department of Orthopaedic Surgery, Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, Zhejiang Province, China on 22 May 2016.
A laparotomy was performed to clear the cause of the obstruction. During surgical exploration, a distended upper jejunum 50 cm away from the Treitz ligament was found, disappearing behind the abdominal aorta through a 3 cmÂ4 cm hole of the retroperitoneum at the level of the paraduodenal fossa. The distal collapsed loop was found emerging from the same point. A gap could be felt among the abdominal aorta, vertebral body of L3, and the disc of the L3/L4 space, with the anterior longitudinal ligament ruptured. The necrotic jejunum loop was tracked from the gap through lumber hyperextension and distraction of the L3/L4 vertebral bodies. The loop was resected and end-to-end anastomosis was performed. The patient received open reduction and internal fixation through the posterior and anterior approach 2 weeks after laparotomy when his condition was stable ( Figure 1 ). No signs of abdominal or surgical wound infection were found, and the patient showed no neurological damage.
This report was prepared in compliance with CARE guidelines 3 
Discussion
Bowel entrapment between vertebral bodies is an extremely rare complication in patients with lumbar fracture or dislocation. It is not usually clearly diagnosed until laparotomy because of the gradual aggravation of the symptoms of intestinal obstruction. This current report describes a case of jejunum entrapment between the L3 and L4 vertebrae, along with a literature review of this rare complication. Only 12 cases from seven countries with detailed clinical information were reported between 1979 and 2016 (Table 1) .
2,4-14 The mean age of the patients was 24.2 years. Among the patients, six were children, of whom the youngest was 3 weeks old.
Aetiology and mechanism of entrapment
In this current literature review (Table 1) , bowel entrapment between vertebral bodies was usually caused by trauma such as a vehicular accident in ninecases, 2,4-11 fall from a 3-m height in one case 12 and a crash into hard objects on the back in one case. 13 However, in one case, no trauma history was reported, so lumbar degenerative changes were considered to be the possible cause. 14 Four patients who sustained a hyperextension injury of the lumbar spine had jejunal incarceration between lumbar spine fracture fragments.
5,6,9, 13 The proposed mechanism of injury was hyperextension injury of the lumbar spine, with anterior longitudinal ligament and posterior peritoneum tears. The intra-abdominal pressure increased almost at the same time, which lead to pinching and entrapment of the small intestine. Whether the small bowel is pushed into the intervertebral space or is drawn in by a vacuum created by the hyperextension injury remains to be determined. 4, 6, 7 Incorrect use of seatbelts with just the lap belt being fastened was described in three cases; in two of these cases, the patients were children. 5, 8, 11 The three patients sustained a 'lap-belt injury', described as a special injury pattern frequently observed in motor vehicle collisions. [15] [16] [17] [18] [19] [20] [21] The sudden deceleration force results in compression of the intra-abdominal organs between the lap belt and the lumbar spine, and a hyperflexion-distraction injury known as a 'Chance fracture', which presents with impaction of the anterior components and distraction of the posterior components of the spine. [22] [23] [24] The most common intestinal injury is perforation and the most common site is the jejunum. 19, 21, 25 However, intestinal incarceration has never been associated with lap-belt injury, owing to its low incidence. Complete disruption of a Chance fracture of the lumbar spine induces rupture of the anterior longitudinal ligament and even the retroperitoneum, creating an 'entrance' for the bowel to herniate into the space created by fracture and dislocation.
The incidence of small bowel injury in blunt abdominal trauma of children is No neurological recovery estimated to be between 1% and 7%. 26 A retrospective study that examined small bowel injuries in children reported that three patients were diagnosed with a Chance fracture of the lumbar spine without intestinal incarceration between the fractures. 27 However, of these patients, two also had a jejunal perforation and one had a mesenteric contusion. 27 Seat belts are designed for adults and the shoulder belt seems inappropriate for children; thus, children should remain in booster seats until they fit into adult seatbelts. 28, 29 Similar injuries involving the cervical or thoracic spine that lead to oesophageal injury have also been reported. For example, the most common injury is oesophageal perforation accompanied by cervical spine fracture and dislocation caused by severe hyperextension injury. [30] [31] [32] [33] Oesophageal entrapment and occlusion within a cervical or thoracic spine fracture-dislocation is extremely rare, with only three reported cases in the literature. [34] [35] [36] Similar intestinal incarceration has also been recorded in sacral, iliac wing and acetabular fractures. [37] [38] [39] [40] [41] [42] [43] Oesophageal incarceration may have a similar mechanism to that of small intestinal entrapment and hollow viscera perforation. Even entrapment could be induced by a hyperextension injury of the axial skeleton.
Five intervertebral spaces were involved in the cases reported in the literature and the L1-L2 intervertebral space was the most frequently involved (three of 12 cases).
2,4-14 The jejunum, especially the upper jejunum, was found to be incarcerated in nine cases; the middle ileum in one case, the sigmoid colon in one case, and the small bowel in one case.
Diagnosis and treatment
The preoperative diagnosis of bowel incarceration between vertebral bodies is difficult. Waist injury and lumbar fracture or dislocation may be the first observable symptoms. Paralytic ileus caused by retroperitoneal haematoma accompanying vertebral injuries may be mistaken for the cause of nausea and vomiting. Ileus was considered to be induced by retroperitoneal haematoma in four of 12 cases. 2, 4, 9, 13 Four patients were discharged after initial assessment but rehospitalized due to severe vomiting. 2, 5, 10, 13 Three reports described two cases of injury that showed collection of air in the spinal canal on CT scanning; 5, 13 and one case of herniation of the small bowel loop into the spinal canal was confirmed by magnetic resonance imaging (MRI). 11 Seven cases had positive laparotomy findings, obtained on the basis of diagnostic peritoneal lavage, 7, 8 barium meal 4, 6, 7, 10 and sonography. 12 In this current case, intravenous contrast-enhanced CT revealed that the enhanced intestinal wall was in an unusual location, behind the abdominal aorta and the inferior vena cava (Figure 2) . However, the state of the bowel incarceration was not known before laparotomy, which was performed 6 days after the accident. CT scanning, especially contrastenhanced CT scanning, and MRI can be used to visualize the intestine, which in this current case was remotely located, and thus could provide direct evidence for the need for laparotomy.
Once the diagnosis of intestinal incarceration is clear, laparotomy must be performed to release the incarcerated bowel as soon as possible. The incarcerated intestine could be released by gentle traction of the bowel, extension of the spine by bending the lumbar bridge of the operating table, and distraction of the spine using a vertebral spreader in a step-by-step manner. The incarcerated bowel was reset in all cases described in this report using these methods.
2,4-14 The authors of one study thought that posterior arthrodesis should be performed first to avoid iatrogenic nerve injuries while mobilizing the patient. 11 However, this approach may reduce the ability of lumbar hyperextension and make the resetting of the incarcerated bowel difficult. Considering this situation and the risk of infection, the laparotomy was performed before reduction and stabilization of the spine in the current case.
Outcomes
During the postoperative course, some complications occurred in these 12 cases.
2,4-14 Pneumonia and left femoral vein thrombosis occurred in one patient; 7 Candida albicans infection and cortical infarcts in the distribution of the right middle cerebral artery occurred in one patient; 13 laparotomy wound infection occurred in one patient; 4 pulmonary embolism occurred in one patient; 8 retroperitoneal abscess on the tenth postoperative day occurred in one patient; 12 and one patient experienced a cerebrospinal fluid leak.
11
Five of 12 patients had different degrees of nerve injury. 4, 7, 8, 11, 12 None of the 12 patients died as a result of their injuries.
Conclusion
In the case of spinal hyperextension injuries accompanied by a blunt impact on the abdomen or hyperflexion-distraction injury, especially in children wearing an adult seatbelt during a head-on collision car accident, when there is an unexplained progressively worsening intestinal obstruction, physicians should consider the possibility of intestinal incarceration in the spine fracture fragments. CT scanning, especially intravenous contrast-enhanced CT scanning, or MRI are useful for making an early diagnosis of intestinal incarcerationassociated spinal injury. Laparotomy should be performed as soon as possible, preferably before necrosis of the incarcerated intestine. Stabilization of the spine fracture and dislocation should be performed after laparotomy when the risk of infection at the fracture site can be minimized effectively. Fixation could be achieved by posterior transpedicular screws with or without anterior vertebral screw fixation.
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